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Since Ray Lankester (1869)  studied the effects of cyanogen upon 
hemoglobin, numerous divergent reports,  relative  to  compounds of 
cyanide  with  the  blood  pigment have  appeared  in  the  literature. 
These reports may now be interpreted in light of recent investigations 
on the physical chemistry of the hemoglobin molecule.  For instance, 
that Hoppe-Seyler (1868)  obtained a  crystalline reaction product of 
hemoglobin and cyanide we neither doubt, nor explain as did Gamgee 
(1898)  on a  basis of inadequate separation.  Hemoglobin has many 
basic groups functioning throughout the pH range over which cyan- 
ion is bound and there are reasons for assuming the existence of fer- 
rous and ferric hemoglobin cyanides of varying composition; cyanide 
being linked to one or more of the basic groups of the globin radicle, 
as any protein may combine with acidic radicles. 
In this study we are more interested in the nature of cyanide link- 
ages with the prosthetic groups of hemoglobin derivatives.  The con- 
clusions of Warburg (1923), in which he ascribes the r61e of respiratory 
catalyst to the hematin-hemochromogen  system; the wide distribution 
of this system in nature  (Keilin,  1925),  and the poisonous effects of 
cyanide ion upon the system (Warburg,  1923; Dixon and Elliot, 1929, 
direct our attention to the possible modes of combination of cyanide 
ion with the constituents of the system.  A compound of cyanide and 
hematin has been prepared by Ziemke and Miller (1901), who found its 
spectroscopic bands to be similar in position to those of cyanmethemo- 
globin.  Anson and Mirsky (1928)  describe two compounds of "re- 
cluced heine" with cyanide.  A crystalline compound of cyanide and 
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methemoglobin  containing  one  mole  of  hydrogen  cyanide  per  iron 
equivalent  of the  pigment  was  prepared  by von Zeynek (1901) who 
showed that the cyanmethemoglobin of Kobert  (1891) is a  methemo- 
globin derivative. 
Balthazard and Philippe  (1926)  report an  evanescent spectroscopic 
picture,  seen during the course of a  reduction of cyanmethemoglobin, 
which they ascribe to the intermediary  formation  of a  compound of 
reduced  hemoglobin  with  cyanide.  They  assign  to  cyanmethemo- 
globin the formula Hb0(CN)~. 
The electrometric study of hemoglobin initiated  by Conant  (1923) 
has  opened  another  pathway  for  investigations  of  the  reactions  of 
certain  blood  pigments.  From  his  studies,  Conant  deduced  that 
methemoglobin differed from reduced hemoglobin only in that the iron 
of the former is in the delectronated or ferric form.  The iron of re- 
duced hemoglobin  is in  the  electronated  or ferrous form.  The  iron 
in  oxyhemoglobin and in  carbon  monoxide hemoglobin  did not par- 
ticipate as an oxidant or reductant in this oxidation-reduction system. 
As shown by Conant  (1.923) and Conant and Fieser (1924), methe- 
moglobin and hemoglobin form a reversible oxidation-reduction system, 
the  former  being  the  oxidant  and  the  latter  the  reductant.  The 
oxidation-reduction  potential  of this  system is well defined potentio- 
metrically,  varying  logarithmically  with  the  relative  concentrations 
of methemoglobin to hemoglobin.  The oxidation of the latter to the 
former, or removal of hemoglobin from the system in any way, as for 
example by its oxygenation or carbonylation, will raise the observed 
potential.  The removal from the system of methemoglobin will lower 
the observed potential correspondingly. 
Since  we  might  expect  the  electrical  behavior  of  either  of  these 
pigments when uncombined to differ from that exhibited as a cyanide 
derivative,  the  electrometric  method  was  deemed  suitable  for  the 
demonstration  of  combination  between  cyanion  and  the  pyrrol-iron 
of either methemoglobin or hemoglobin. 
Preparation of Hemoglobin 
400 cc. of oxalated or defibrinated dog's blood was used.  Illuminating gas was 
passed through the chilled sample for 15 minutes; 200 cc. was poured into each of 
two 250 cc. centrifuge bottles and after centrifuging without packing the corpuscles 
the serum was removed by means of a  suction pipette.  The  corpuscles were ROBERT  D.  BAILNARD  659 
washed five times with CO2-saturated, ice-cold 0.17 molar sodium chloride solu- 
tion, filling the tubes each time to the original level.  For the first four washings, 
the centrifugation was carded only to  the point where the corpuscles  occupied 
about one-half of the total volume.  The last centrifugation was carded on until 
the corpuscles were packed and the supernatant fluid could be removed by decan- 
tation.  The tubes were then inverted to drain for 10 minutes, after which  they 
were filled to the original 200 cc. level with ice-cold, CO2-saturated, distilled water 
and toluene added (as in the method of Heidelberger (1922))  to within such a  dis- 
tance of the top that, when a  tight-fitting cork was inserted there was a large air 
bubble  left  to  facilitate subsequent  shaking.  The  packed mass  of  corpuscles 
was disintegrated throughout the fluid with a glass rod; the tubes were then stop- 
pered and vigorously shaken for 5 minutes.  Early in the shaking process a  gel 
formed, but shaking was continued until the toluene was comminuted in the mass. 
The tubes were left in the refrigerator for 12 hours, then transferred to the freez- 
ing room until the contents were frozen solid.  They were then centrifuged, dur- 
ing which time the contents were allowed to thaw.  Four layers were obtained:- 
toluene, toluene gel, saturated carbon monoxide hemoglobin solution, and crys- 
tals of carbon monoxide hemoglobin. 
The toluene, toluene stroma combination, and saturated carbon monoxide hemo- 
globin solution were  removed by a  pipette with  suction.  The rim left by the 
toluenized stroma was thoroughly removed from the sides of the container by a 
plug of absorbent cotton on a  wire. 
The crystals were covered with CO~-saturated ice water, toluene was added as 
before, the tubes stoppered, shaken, and immediately centrifuged.  As a  rule the 
toluene returned clear with little or no stroma material.  The supernatant fluid 
was decanted and ice water was added, the tubes shaken, and placed in the re- 
frigerator.  The crystals settled to the bottom and the supernatant solution was 
barely tinged with hemoglobin. 
For preparing the solutions, some of the crystals were transferred along with 50 
cc. of distilled water to a  tall aeration cylinder of about 500  cc. capacity fitted 
with a two-hole rubber stopper carrying a three-way stop-cock and a small separa- 
tory funnel.  Suction was instituted through the three-way stop-cock, with perio- 
dic whirling of the cylinder to suspend the crystals.  After ebullition by the dis- 
solved and combined carbon monoxide had slackened, nitrogen  (or hydrogen if 
electrometric pH was to be determined) was admitted through the stop-cock, the 
cylinder was shaken, and suction reinstituted.  3 hours of evacuation was found 
sufficient to  completely reduce  carbon  monoxide  hemoglobin,  but  the  suction 
was left on for 3 hours longer until considerable diminution in the original volume 
of the solution had taken place.  (Solid reduced hemoglobin has been prepared 
by suction evaporation of all the water present, and this solid when redissolved 
retains  its  power  to  combine  reversibly with  molecular  oxygen  as  shown  in 
Table I). 
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isoelectric (Table II) and to have an activity approximating 100 per cent (Table 
III). 
TABLE  I 
Activity  of Reduced Hemoglobin Dried in Vacuo at 100°C. 
Sample  Total (Hb)*  Active (Iib)t  Activity 
m~/liter  mE~liter  per cent 
Dog  0.56  0.34  60.7 
Human  1.98  0.66  33.3 
* Total hemoglobin was determined by the method of Barnard (1932b). 
t  Active hemoglobin was determined on the basis of its oxygen capacity. 
TABLE  II 
pH of Reduced Hemoglobin Solutions from Carbon Monoxide Hemoglobin Crystals 
Before washing .................................................  6.121 
After second washing ............................................  6. 509 
"  fourth  "  . ...........................................  6. 783 
pH was determined by the hydrogen electrode in a Hastings (1921) electrometric 
titration vessel. 
TABLE III 
Activity  of Reduced Dog Hemoglobin Solutions  Prepared by Suction  Evacuation of 
Carbon Monoxide Hemoglobin Crystal Suspensions 
Total (Hb)*  Total (Hb)t  Activity 
rn~t/llter 
O.7O 
2.75 
0.26 
1.87 
mE~liter 
0.71 
2.71 
0.26 
1.53 
* Total Hb was determined by method of Barnard 
t  Active Hb was determined from the CO capacity. 
per teal 
101.4 
101.5 
100.0 
81.85 
1932b). 
:~ This solution was prepared from crystals kept 49 days after preparation. 
Experimental 
The effect  of cyanide on the potentials of poised solutions of hemoglobin and 
methemoglobin was  noted.  Hydrogen  cyanide  was  passed  through  solutions 
containing hemoglobin and methemoglobin (the latter formed directly in the solu- ROBERT  D.  BAI~ARD  661 
tion by the addition of potassium ferricyanide)  in an electrometric titration vessel 
(Hastings, 1921).  In some experiments potassium cyanide was added to the 
solutions in place of hydrocyanic acid.  Readings  were made after constant po- 
tential had been reached, the chain in each case being: 
]  MetHb SaturatedlHgC1  Hg"  Pt  cN ~  KC] 
The solutions  were at all times kept under nitrogen, and in those instances where 
titrations were performed the reagents employed were evacuated and saturated 
with this gas previous to use. 
TABLE  IV 
The Effect of Hydrogen Cyanide and Carbon Monoxide  on the Oxidation-Reduction 
Potential of the Hemoglobin-Methemoglobin System 
Preparation  (Hb)  (MetHb) 
mK/llter  mM/llter 
1--dog  2.37  0.40 
2-- "  3.0  3.0 
2  " 
2--  ~g 
Gas 
N2 
HCN 
CO 
N2 
HCN 
CO 
x.~.F, on saturated  KCl-calomel  scale 
Point  -  Pt  electrode  -  Plate 
--0.0931 
--0. 2046  --0. 2079 
Unpoised  Unpoised 
-0.0613  -0.0617 
-0.1423  -0.1713 
Unpoised  Unpoised 
Both solutions were buffered at pH 6.2  with 0.067 molar  phosphate.  The 
gases were passed through the solution in the order given. 
Results 
The effects of passing hydrogen cyanide through solutions contain- 
ing hemoglobin and methemoglobin on  the  electrode potentials de- 
veloped by these solutions are shown in Table IV.  Table V gives the 
results of measurement of the eo value for monkey and dog hemoglobin 
as well as the effect of potassium cyanide on the potentials developed. 
In Fig. 1 is represented a titration of pig hemoglobin with ferricyanide 
in  the presence and absence of cyanide.  Similar results have been 
obtained  with  beef  and  with  human  hemoglobin  (Barnard,  1933). 
Table VI gives the data on a control experiment in which the relative 
absence  of  effect of  cyanide on the  potentials of  the ferricyanide- 
ferrocyanide system was demonstrated. 662  tIEMOGLOBIN-METHEMOGLOBIN  SYSTEM 
The addition of hydrogen or potassium cyanide to the methemoglo- 
bin-hemoglobin  system caused a  shift in the potentials evinced by this 
system to  the  negative side,  indicating that  the  oxidant is  removed 
TABLE  V 
The  Effect  of Alkali  Cyanide  on  the  Oxidation-Reduction  Potentials  of the 
Hemoglobin-Methemoglobin System 
Preparation 
3--dog 
O-- 
3--  t¢ 
3--  " 
4--  ~t 
5--  *¢ 
l--monkey 
1--  " 
1--  " 
6--dog 
6---  ~ 
6--  " 
6-- " 
6-- " 
6-- " 
6-- " 
(Hb) 
1.376 
1.343 
1. 200 
1.0 
0.60 
0.20 
0.048 
O. 080 
0.040 
1.520 
1.160 
0.920 
0. 560 
1.736 
1.496 
0. 560 
0.152 
6.320 
5.670 
5.150 
4.670 
3. 870 
3. 520 
2. 820 
(MetHb) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.040 
0.080 
0.480 
0.840 
1.080 
1.440 
0.0 
0.0 
0.0 
0.0 
0.0 
0.650 
1.170 
1.650 
2.450 
2.80 
3.50 
(MetItbCN)  (CN  ! 
0.024  [ 2000 
0.057  12000 
0.200  I 2000 
1 
0.40  [ 2000 
0.80  [ 2000 
1.20  2000 
40  0.052 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0,264  1000 
0.5O4  1000 
1.440  1000 
1.848  1000 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
0.0  0 
C  1 
--0.5912 
--0. 5895 
-0. 5762 
-- 0.4806 
--0.2601 
--0.190? 
--0.3731 
-0.1869 
-0.1516 
-0  1686! 
-0.1532] 
-0  1443! 
--0.0946 
--0.4559] 
--0.410? 
--0.240? 
--0 2480 
 iiiJi 
--0.1457 
--0.1315 
--0.1301 
--0.2833 
n 
--0.1690  1 
--0.1695  1 
--0.1491  2 
--0.1492  2 
--0.1484  1 
(?)  (?) 
-0.1295  1.7 
-0.1295  1.5 
-0.1295  1.7 
(87.5 mM NaOH added) 
All concentrations expressed in millimols per liter and all potentials are in volts 
on the saturated KCl-calomel scale. 
from  participation  in  the  system.  When  carbon  monoxide  was 
passed through the solutions of methemoglobin and hemoglobin which 
had  been  subjected to  the  action of  cyanide, the  potentials became ROBERT  D.  BARNARD  663 
TABLE  VI 
Tke  Effect  of Potassium  Cyanide  on  tke Oxidation-Reduction  Potential  of ttte 
Ferricyanide-Ferrocyanide System 
(K~Fe(CN)6)  (K~e(CN)~)  (CN)  el 
m~lllfer  m~lli~r  raM~liter 
10  10  0.0  --0.1729 
10  lO  66.7  --0.1708 
lO  10  lO0.O  --0.1688 
unpoised.  The hemoglobin present apparently retained its reductant 
position in the presence of cyanide.  That hydrogen cyanide and so- 
O~  LO  tO  2D 
l~atios of  ~ioyonicle  ecLaivalent~ to iron ~uivaler~te 
FIG, |.  The effect of cyanide on the oxidation-titratlon curve of pig hemoglobin, 
Ordinates give el in volts on the saturated calomel scale.  Abscissae give the ratios 
of molarity of ferricyanide added to molarity of hemoglobin.  A  represents the 
titration curve in the presence of 100 miUimolar sodium cyanide. 664  HEM0 GLO BIN-METttEMO GLO BIN  SYSTEM 
dium cyanide did not prevent the formation or dissociation of carbon 
monoxide hemoglobin was  demonstrated  spectroscopically  and  by 
measurement of the carbon monoxide capacity of hemoglobin solutions 
containing cyanide  (Table VII).  It is apparent  from these results 
that the effects  of cyanide on the potentials of the methemoglobin- 
hemoglobin system can best be  attributed to  its combination with 
methemoglobin, and that if cyanide does combine with hemoglobin, 
it is  not  with that portion  of  the  molecule which  gives the latter 
its  spectroscopic picture,  its  capability  of  combination with  gases, 
and its reductant activity.  In those instances where cyanmethemo- 
TABLE  VII 
The Effect of Cyanide on the Carbon Monoxide Capacity of Hemoglobin  Solutions 
Sample 
Sheep 
Human 1 
"  2 
Dog 
pco 
116.6 
117.5 
274.4 
243.7 
186.6 
169.0 
126.1 
121.9 
(CN) 
m~/liter (NaCN) 
0.0 
40.0 
0.0 
200.0 
0.0 
5000.0 
0.0 
333.3(HCN) 
20.2 
20.2 
21.0 
20.4 
20.6 
20.4 
globin results  from the treatment of oxyhemoglobin solutions with 
cyanide, as after long standing or after oxyhemoglobin has been heated 
with  cyanide,  it  is  probable  that  methemoglobin is  formed  as an 
intermediary in the conversion represented by the equations: 
HbO2  <  > Hb  +  02  (1) 
T 
MetHbCN  4----4 MetHb  +  CN-  (2) 
That the formula of cyanmethemoglobin in solution corresponds to 
the crystalline  compound prepared by yon Zeynek (1901)  and that 
there is a ratio of one equivalent of cyanide to one iron equivalent of 
methemoglobin is deducible from the following experiment: ROBERT  D.  BARNARD  665 
10  cc. of a  solution containing  13.2  millimolar pig methemoglobin 
and 2.04 millimolar pig hemoglobin was titrated electrometrically with 
77 millimolar potassium cyanide solution.  The  results of this titra- 
tion are represented in Fig. 2.  The potentials recorded in that vicin- 
ity of the curve where the ratio of cyanide to methemoglobin iron was 
unity were unstable, but above and below this point they were suM- 
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Fro. 2. The effect  of cyanide on the oxidation-reduction potential  of the pig 
methemoglobin-hemoglobin system.  Ordinates give el in volts on the saturated 
calomel scale.  Abscissae represent the ratio of the molarity of cyanide to that of 
methemoglobin. 
ciently constant to allow for an interpolation to the point where an in- 
flection occurs in the curve.  This inflection is presumably the end- 
point  of  reaction  (2),  and  the  fact  that  it  takes  place  before  two 
equivalents  of  cyanide  are  added  indicates  that  there  are  not  two 
equivalents  of  cyanide  in  cyanmethemoglobin  as deduced  by Bait- 
hazard and Philippe  (1926). 
That compound formation betv~een cyanide and the iron of the pros- 666  HEMO GLO BIN-METItEMOGLOBIN  SYSTEM 
thetic nucleus of hemoglobin would be improbable is in harmony with 
the nature of the electronic formula previously assigned to this com- 
pound, (Barnard, 1932a) 
which from its depicted structure, would have no free valency elec- 
tron with which to form ionic combinations.  ~  By delectronation of 
the hemoglobin iron, however, an electropositive radicle, methemoglo- 
bin, results.  It is probable that this radicle. 
12 i):  (_ 
might form electronic linkages with  cyanion or  with other  electro- 
negative ions. 
The Effect of pH on the Oxidation-Reduction Potential  of the Methemo- 
globin-Hemoglobin System 
In order  to  control the  experiments in  which the effect of alkali 
cyanide was studied, the effect of alkali hydroxide on the electrical 
behavior of the  methemoglobin-hemoglobin system has  been  deter- 
mined. 
Conant and Fieser (1924) found that the  eo value for this system 
became more negative with increasing pH.  The  opinion advanced 
by them that methemoglobin is a weaker acid than hemoglobin, is not 
consistent with the data presented by Hastings (1928) which show that 
between pH 7.0 and 7.8 no difference in the base-combining powers of 
the two pigments is detectable. 
Experimental 
Isoelectric carbon monoxide hemoglobin was brought into solution as reduced 
hemoglobin by the removal of carbon monoxide by evacuation.  The concentra- 
tion of the reduced pigment was determined from its carbon monoxide capacity 
by the method of Van Slyke and Neill (1924).  The solution was transferred to 
the electrometric  titration vessel  under nitrogen and the desired quantity of methe- 
1 The iron is represented with only six electrons to convey  the idea of its fer- 
rous state, although it is probable that a shared electron from each of the pyrrols 
would bring the outer shell to eight. ROBERT  D. BARNARD  667 
moglobin formed in it by the addition of an equivalent of potassium ferricyanide. 
Sodium hydroxide solution, which had been evacuated and saturated with nitro- 
gen was added to the solution in the titration vessel from a micro buret, and after 
TABLE  VIII 
The Effect of pH on the Oxidation-Reduction Potential of the Methemoglobin- 
Hemoglobin System 
~eo  mm~ NaOH  BHb/Hb  pH  ¢t 
ApR 
Experiment 5 
(Hb)  -  3.52 m~/liter  (MetHb) =  2.80 mx*/liter 
00.0 
22.3 
38.0 
58.7 
100.0 
150.1 
200.0 
300.0 
400.0 
0.0 
0.352 
0. 600 
0.929 
1.580 
2.360 
3.160 
4. 740 
6.330 
6.81 
7.07 
7.17 
7.34 
7.67 
8.05 
8.42 
9.25 
10.50 
--0.1301 
--0.1531 
--0.1891 
--0,2027 
--0.2201 
--0.2594 
--0.2756 
--0.3121 
--O.3404 
0.088  ] 
(0.361)*[ 
0.080  [ 
0.053 
(0.103)*/0"075 
0.041  | 
0.050 
0.062 
00.0 
10.0 
20.7 
35.1 
52.5 
72.0 
94.7 
99.8 
130.0 
179.0 
200.0 
250.0 
300.0 
Experiment 6 
(Hb)  =  1.15 m~/liter  (MetHb) =  1.604 m~/liter 
0.0  6.81 
O.364  7.08 
0.750  7.24 
1.270  7.50 
1.920  7.84 
2.600  8.20 
3.450  8.6O 
3.600  8.70 
4.700  9.24 
6.500  10.05 
7.270  10.25 
9.090  10.51 
10.900  10.62 
-0.1010 
-0.1180 
-0.1354 
-0.1509 
-0.1775 
-0.2009 
-0.2294 
-0.2319 
--0.2381 
--0.2469 
--0.2626 
--0.2767 
--0.3021 
0.063  ' 
(0.109)* 
0.060  t 
0.069  [ 
0.065  t0.056 
0.071  / 
(o.o25)'/ 
0.087  [ 
* Discarded from average. 
each increment the potential was recorded with the same chain as described above. 
The pH of the solutions was calculated from data relating it to the base bound by 
reduced dog hemoglobin at different ionic strength (unpublished data).  An iden- 
tity in the base-combining  powers of dog methemoglobin and dog hemoglobin has 
been assumed. 668  HEMOGLOBIN-ME  TttEMOGLOBIN  SYSTEM 
Results 
As found by Conant and Fieser (1924), the potentials of the system 
became  more  electronegative  as  the  alkalinity  increased.  Experi- 
ment 5  (Table VIII) in which the solution titrated contained an excess 
of hemoglobin over methemoglobin  gave 0.062  as  a  calculated value 
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Fro.  3.  The  n  slope  for  the  ferricyanide-ferroeyanide oxidation-reduction 
system.  Ordinates give el in volts on the  saturated  calomel  scale.  Abscissae 
give the logarithmic ratios of the concentration of ferrlcyanide to ferrocyanide. 
The upper line gives the position for the slope of this system in solutions containing 
allantoin, the lower line in solutions of methemoglobin  as calculated from Experi- 
ment 3. 
Aeo 
for FppH between  pH  6.81  and  9.25.  In  Experiment 6  (Table VIII) 
an  excess of methemoglobin existed and the value obtained  between 
pH 6.81  and 9.24 was 0.069. 
An attempt to recalculate the values of ~  for this system from the 
work of Conant and Fieser by taking into account the buffer values of ROBERT  D.  BARNARD  669 
hemoglobin  in  correcting  their pH values has  led to  results in good 
agreement with those found in this study. 
Peculiarly enough,  in the  titration  of the  rather  concentrated  pig 
hemoglobin  solution  (15  millimolar)  (Experiment  3)  the  value of n 
for  the  methemoglobin-hemoglobin  system was  4  and  not  as  in  all 
other experiments in the neighborhood of 1 or at the most 2.  That 
the calculated value in this pig hemoglobin titration is not due to an 
inaccuracy of the data we can assume from a  consideration of Fig. 3, 
where the n value of the ferricyanide-ferrocyanide system in this same 
experiment  is  1  and  compares  excellently  with  the  slope  calculated 
from other  data  utilizing  this  system (Barnard,  1931).  We do not, 
at this time, consider the value of n in this particular oxidation-reduc- 
tion titration as fortifying Adair's (1925) hypothesis as to the oxygena- 
tion  of hemoglobin  any more than  in  1928,  when we first measured 
and secured the value of n  =  1 in the electrochemical equation was it 
considered  an  objection to  the  theory of Hill  (1910).  Conant  and 
McGrew (1929), from whose paper it is inferred that the electrometric 
measurements of n  in the oxidation-reduction  equation 
RT  (MetHb) 
eo  --  el-- ~-loge  (Hb) 
are comparable  to those of n  in Hill's equation 
(Hb)n  ×  (O~)~  1 
(HbO,)n  -- K' 
assigned to n  in  the former  case a  value of 2 as determined by Con- 
ant and Scott (1928).  Conant and Pappenheimer (1932) have redeter- 
mined the value of n in the oxidation-reduction equation and find that 
it may be in the vicinity of 1. 
A consideration of Fig. 3 will also show that although the slopes for 
the ferricyanide-ferrocyanide system in the two differing experiments 
are  comparable, the  eo value in the presence of the  concentration  of 
methemoglobin  extant  in  Experiment  3  is  125  inv.  lower than  the 
characteristic  value  for  this  system.  This  is  explained  on  a  basis 
of the enormous ionic strength effects of hemoglobin solutions, which, 
as will be shown in a subsequent report, appear to behave in their salt 
effects as strong polyvalent electrolytes. 670  HEMO GLOBIN-METHEMOGLOBIN  SYSTEM 
DISCUSSION 
Since the addition of alkali causes a change in the oxidation-reduc- 
tion potential of solutions containing methemoglobin and hemoglobin 
it is obvious that one or both of these substances is in some way altered 
by the addition.  Is this alteration in the globin fraction?  Two facts 
would indicate that it is not.  First, there is a comparable slope for the 
hematin-reduced  hematin system where no globin is present.  Second, 
the identity of base-binding powers of methemoglobin and hemoglobin 
would point against the existence of any difference in their respective 
globins.  The  methemoglobin molecule  does,  however,  change  its 
spectroscopic picture on treatment with alkali, whereas reduced hemo- 
globin  does not  change in this respect within the pH range studied. 
It is therefore tempting to ascribe the direction of the slope to that 
constituent  of  the  system  which  gives  other  evidence of  lability. 
Though it is recognized that other possibilities may exist, the direction 
and magnitude of the slope can best be explained by the formation on 
the part of methemoglobin of an electropositive ion, 
MetHb  ~----* MetHb  +  +  @- 
which  in the presence of hydroxyl, just as in the presence of cyanion, 
forms a poorly dissociated compound, in the manner: 
MetHb  +  +  OH-  ---> MctHbOIt. 
It is evident that the methemoglobin ion might be capable of com- 
bination  with  many electronegative radicles.  Sucb  a  combination 
between methemoglobin and nitrite is undergoing study at present. 
The Interrelationship of the Hemoglobin Derivatives 
The electronic formula (A) 
was suggested for the prosthetic group of methemoglobin and since 
the prosthetic group of the latter is probably identical with hematin 
(Kuster, 1910), the formula (A) will be used for the latter compound 
as well.  (A) is converted by cyanide to a compound (B),  the pros- 
thetic group of which may be represented as (B) 
ROBERT  D.  BARNARD  671 
~  : .F.e : (~- 
C 
.. 
N 
,. 
TABLE  IX 
The Spectrophotometric Comparison of Cyanhematin and Cyanmethemoglobin 
Percentage Transmission 
Preparation 1  Preparation 2  Preparation 3 
HmCN  MetHbCN 
460 
480 
49O 
5OO 
510 
520 
530 
54O 
550 
560 
580 
590 
6OO 
620 
640 
66O 
68O 
7OO 
72O 
HmCN  MetHbCN 
2.97  2.85 
9.75  9.66 
14.18  13.10 
14.20  12.68 
9.95  8.55 
12.33  11.05 
23.93  20.44 
41.68  36.15 
56.13  54.50 
67.13  62.50 
70.00  67.75 
71.25  69.50 
74.00  70.25 
68.5O  72.25 
HmCN  MetHbCN 
5.00  7.23 
15.50  16.65 
30. O0  30.08 
29.10 
29.25 
26.00  24.13 
19.75 
22.80  18.19 
28.25  22.70 
36.00  35.03 
53.75  53.75 
68.00  74.13 
79.50  88.5O 
87.50  93.00 
88.50  95, O0 
88.00  93,00 
10.75 
20.66 
27.60 
22.70 
20.17 
18.50 
22.40 
24.40 
49.51 
7.90 
17.04 
28.75 
29.75 
31.25 
25.50 
19.88 
17.75 
19.22 
24.0 
37.33 
49. O0 
Preparation 1.  (HmCN) = 0.064 n~/liter,  prepared by treating oxyhemoglobin 
with 0.1  ~  HCI, neutralizing  with KCN and diluting to the concentration given. 
(MetHb  CN) = 0.066 m~/liter, prepared by dissolving  0.1102 gin. of dry methemo- 
globin in 1 liter of 1 ~J KCN solution. 
Preparation 2.  The concentrations of cyanhematin and cyanmethemoglobin 
were not determined but were identical since they were prepared from the same 
solution of oxyhemoglobin. 
Preparation 3.  The concentrations of cyanhematin and  cyanmethemoglobin 
were identical but in the case of cyanhematin, the globin was digested with pepsin- 
hydrochloric acid mixture to preclude cyanmethemoglobin resynthesis  , although 
there is probability of combination  between the hematin and some of the digestion 
products of the globin. 672  HEMOGLOBIN-METHEMOGLOBIN  SYSTEM 
There should be some similarity between cyanmethemoglobin and 
cyanhematin since they would both contain the same prosthetic group. 
Table IX gives the data obtained  in  a  spectrophotometric study of 
these compounds.  The percentage transmission at given wave lengths 
is  similar for both substances.  This confirms the spectroscopic find- 
ings of Ziemke and Miller (1901). 
That  the prosthetic nucleus of cyanhematin is  a  ferric cyanide is 
inferred from the following observations: 
(a)  Passing CO2 through cyanhematin solutions precipitates hema- 
tin. 
(b)  Treatment  of  cyanhematin  solutions  with  barium  hydroxide 
precipitates a  powder which retains  the orange color of the original 
solution.  Since the barium linkage is undoubtedly on the carboxyls 
of the pyrrol groups, the point of cyanide attachment is probably on 
the iron.  In the case of cyanmethemoglobin, it was found that the 
latter was not precipitated from solution by barium hydroxide and this 
is readily explicable on the basis of the fact that the pyrrol carboxyls 
are already occupied by globin. 
It is assumed that, in basic solution, (A) forms alkaline derivatives. 
In the case of methemoglobin it was assumed that this derivative was 
a ferric hydroxide.  Certain points of similarity in alkaline methemo- 
globin and alkaline hematin furnish evidence for the applicability of 
the same formula to the latter substance as well.  Among these points 
may be mentioned the indicator nature of both pigTnents and the co- 
Aeo  incidence of the ~  slope for the systems in which each participates 
as oxidant.  The prosthetic nucleus of alkaline methemoglobin and 
alkaline hematin will therefore be represented as 
(c)  I.  /: 
:O: 
Since hematin and methemoglobin may be electronated to form re- 
duced hematin and hemoglobin respectively, the electronated form of 
(A) will be represented as (D).  From an analysis of the structure of 
the nucleus ROBERT  D.  BARNAED  673 
we could predict its electronegativity, and the formation by it of polar 
valent  compounds with  electropositive  radicles.  This  behavior  is 
realized in the hemochromogens, which combine with carbon monox- 
ide and nitric oxide and in hemoglobin which combines with molecular 
oxygen  as  well.  Such  compounds as  (D)  with  oxygen-containing 
radicles have been presented (Barnard, 1932a) as: 
:O  C  .N 
., 
:O:  :O:  :O: 
Oxyhemoglobin  carbon monoxide hemoglobin  Nitric oxide hemoglobin 
Configurations such as the above cannot be drawn for the proble- 
matic compounds ethylene hemoglobin and nitrous oxide hemoglobin, 
and evidence against the existence of these compounds was secured in 
a previous investigation (Barnard and Hastings, 1930). 
SUMMARY 
The potentiometric  method was applied to the study of the influence 
of cyanide and of hydroxyl ion on methemoglobin.  Both of these ions 
appear to combine with the iron of the methemoglobin molecule and 
reduce its oxidant activity.  From the magnitude of the effect pro- 
duced by cyanide and by variation in pH on the oxidation-reduction 
potential of the methemoglobin-hemoglobin system, it is  concluded 
that  cyanmethemoglobin and  alkaline  methemoglobin are  undisso- 
ciated ferric compounds, the first with cyanide and the second with 
hydroxyl. 
Electronic formulas, based on the electrical properties of the hemo- 
globin derivatives, are  suggested. 
The author wishes to express his gratitude to Dr. A. Baird Hastings 
and Dr. A. J. Carlson, in whose laboratories the major portion of the 
experimental work was done. 
Explanation of Symbols 
Hb  = hemoglobin 
Hb02  = oxyhemoglobin 674  HEMOGLO  BIN-METHEMO  GLOBIN  SYSTEM 
MetHb  =  methemoglobin 
MetHbCN  =  cyanmethemoglobin 
HmCN  =  cyanhematin 
!--~  =  pyrrol ring 
I  ....  / 
eo  =  the potential  characteristic of an oxidation-reduction  system 
el  =  the observed potential 
n  =  the number of electrons involved in the transformation of oxidant 
to reductant or the degree of aggregation of hemoglobin in Hill's 
(1910) equation 
(  )  =  denotes concentration 
F  =  the Faraday 
R and T  =  the gas constants 
K  =  Hill's (1910) constant (4 X  10  -4 at pH  =  7.3) 
;~  =  wave length 
all  concentrations  are  expressed  as  millimols  per liter  unless  otherwise stated. 
The mol of any hemoglobin derivative is taken as equal to one iron equivalent of 
the derivative. 
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